Purpose: Inguinofemoral lymphadenectomy (IFLD) is associated with very high morbidity. Fibrin sealant patches are used in various surgical procedures to prevent hematomas and lymphoceles. Here, we report a single-institution experience of fibrin sealants after IFLD in vulvar cancer and give an overview of the current literature. Patients and methods: We retrospectively analyzed outcome data on vulvar cancer patients who underwent bilateral IFLD between November 2014 and June 2016 at the University Hospital Basel. A fibrin sealant patch (Tachosil ® ) was placed in one groin only. Postsurgical fluid collection and complications were compared between both groins; time courses of lymphocele formation were analyzed using a linear mixed-effects regression model. Results: Postsurgical outcome of 11 consecutive patients with bilateral IFLD for vulvar cancer was assessed for a median follow-up of 32 days (range 12-77). Significantly larger lymphoceles were detected over time in the groin with the fibrin sealant patch (median 20 mL vs 5 mL without patch, p=0.002), and more punctures for symptomatic lymphocele were required on this side. The infection rate did not differ between sides. Conclusion: Fibrin sealant patches should not routinely be used for prevention of lymphoceles after IFLD for vulvar cancer. They do not seem to reduce lymph collection, the need for puncture or the infection risk after lymphadenectomy in our experience and according to a general literature review.
Introduction
Vulvar cancer is a rare gynecological disease, with an incidence of 2-3/100,000 women; it typically affects patients of advanced age. Much has been done in the past to try to reduce complications following vulvar cancer surgery, which consists of resection of the vulvar tumor and groin staging and/or dissection. Morbidity is very high, often leading to several weeks of hospitalization, which may postpone adjuvant therapy.
However, surgery remains the standard treatment of locoregional disease. Compared to en bloc resection and radical vulvectomy with bilateral inguinofemoral lymphadenectomy (IFLD), radical local excision and inguinofemoral lymph node staging and/or dissection are associated with a reduced morbidity whilst preserving oncogenic safety. It is clearly being favored in early-stage vulvar carcinoma and is now the standard of care. Additional therapeutic approaches consist of radiotherapy and combined chemoradiation, but evidence is scarce. These are valuable options in primary unresectable tumors and in the neoadjuvant setting to achieve resectability in cases where an exenteration might be the only alternative. 1 Lymph node status is the single most important prognostic factor in vulvar cancer. In the absence of lymphatic metastases, 5-year survival can reach up to 84-96%, whereas it decreases to 30% or lower in patients with positive inguinofemoral lymph nodes. 2, 3 Given the impact of lymphatic metastases on future prognosis, assessment of the nodal status is crucial in vulvar cancer patients. According to current guidelines, removal of lymphatic tissue is dispensable only in International Federation of Gynecology and Obstetrics (FIGO) stage IA cases (tumor size ≤2 cm, vulvar or perineal location, ≤1 mm depth of invasion). The vast majority of patients require inguinofemoral lymph node staging. IFLD is associated with very high morbidity. Lymphedema of the leg, lymphocele with repeated punctures, wound breakdown and infections account for the most common complications, affecting 50-85% of patients with IFLD. 4, 5 Sentinel node biopsy currently represents the best attempt to reduce the morbidity of groin dissection, but is recommended in selected patients only. In approximately half of the patients, IFLD is still indicated; therefore, further strategies to reduce morbidity need to be explored. 4 The use of a fibrin sealant patch was effective in improving hemostasis after surgery on the liver and kidney and has shown promising results in reducing fluid collection after mediastinal, 6 axillary 7 and pelvic lymphadenectomy. 8, 9 These findings led us to investigate our own institutional practice, which occasionally included the use of a fibrin sealant in order to generate data on its effectivity as part of quality control. A true clinical benefit would justify integration of this procedure as standard of care in our surgical approach to IFLD.
The hypothesis behind the use of fibrin sealants is that they could occlude the superficial and deep fascia, hereby potentially reducing the volume of lymph accumulation and lymphocele formation in patients affected with vulvar cancer requiring bilateral IFLD. However, after using the fibrin sealant patch on very few patients, there was clinical doubt about its benefit, and therefore statistical analysis of the follow-up data was undertaken. This study investigates if fibrin sealants prevent lymphocele formation and secondary complications after IFLD in vulvar cancer. We additionally performed a literature review in order to put our data into context.
Patients and methods
We performed a retrospective data analysis on a total of 11 consecutive patients who underwent bilateral IFLD for vulvar cancer at the Hospital for Women, University Hospital Basel between November 2014 and June 2016. Standard groin dissection was performed as previously described. 10 A second-generation cephalosporin antibiotic (cefuroxime 1.5 g intravenously) was administered perioperatively as a single dose for infection prophylaxis. There was no standard postoperative antibiotic treatment. A weight adapted postoperative thrombosis prophylaxis was administered with subcutaneous low-molecular-weight heparin (dalteparin). The total amount of accumulated lymph fluid (primary endpoint) was either documented by ultrasound or collected by drain, puncture or evacuation for both groins every other day in-hospital and during outpatient followup or emergency consultations. Drains were used as clinically indicated for increased intraoperative bleeding tendency only; otherwise, this procedure was not routine. The drains were removed after the fluid production decreased to <30 mL per day. Lymphocele was only punctured in symptomatic patients. As long as the wound was open, the lymph fluid was manually evacuated and collected in a container for measurement.
Complications (secondary endpoint) including punctures for symptomatic lymphocele, local infections requiring antibiotic therapy, re-admission to hospital and wound revision were recorded as part of our usual oncological follow-up. This study was approved by the Swiss Medical Ethics Committee, the Ethikkommission Nordwest-und Zentralschweiz (EKNZ project ID 2018-01701). Patients were consented for analysis of their de-identified data for research. This retrospective observational study carried no risk of harm for patients, and their data were used anonymously and patient confidentiality was maintained throughout.
Statistical analysis
Descriptive statistics were summarized using mean, median and range or counts and percentages as appropriate. P-values were estimated using independent t-test for means, MannWhitney U-test for medians or Fisher's exact test in case of counts and percentages.
The total amount of lymphocele in the groin with and the groin without a fibrin sealant patch was analyzed. Before evaluation, lymphocele was square root (sqrt) transformed to achieve approximate normal distribution. The time courses of fluid collection in the groin with and without the fibrin sealant were compared using a linear mixed-effects model with days and patch as continuous predictors. Subject was treated as a random factor. Mixed-effects models were suitable tools for repeated measure data and accounted for correlations within each subject. A (nonparametric) Wilcoxon signed rank test was also performed to compare the median amount of fluid between study groups (fibrin sealant versus no sealant).
Results are presented as regression slopes of the predictors with corresponding 95% CI and p-values. For continuous predictors (days), the slope indicates the increase per day; for a categorical predictor such as the fibrin patch, it indicates the difference of the means.
A p-value <0.05 is considered as significant. All evaluations were performed by a statistician using the current version of the statistical software R.
Results
We analyzed and compared postoperative data of 11 patients with an average age of 72 years (range 62-83). With the exception of one patient with vulvar melanoma, all patients had a squamous cell carcinoma of the vulva, most commonly FIGO stage IB (55%, n=6) and grade 3 (50%, n=5). One patient with a multifocal grade 3 squamous cell carcinoma involving the midline and considered as early stage on the pathology report underwent a bilateral IFLD as she was clinically clearly staged as FIGO IB. The depth of invasion could not be measured precisely in the initial biopsy because of the fragmented nature of the tissue. The tumor measured 0.2×0.9 mm in one block including epidermis, but additional smaller pieces of the same biopsy derived from deeper layers also contained carcinoma, adding up to an infiltration depth of >1 mm, resulting in the need to explore the lymph node status. A drain was used in two patients in the groin without fibrin sealant because of an increased intraoperative bleeding tendency. For one patient, the drain was removed after 4 days (fluid <30 mL); however, she developed a symptomatic lymphocele requiring sequential punctures after 19 days on the side of the fibrin patch. The second patient had her drain removed after 12 days and did not show any complication. Another patient had bilateral drains placed on postoperative day 27 due to bilateral wound revision required for poor healing and infection and was subsequently excluded from the study. All patient characteristics are summarized in Table 1 .
Overall, lymph nodes were positive in three patients; two patients had bilateral metastatic disease. The number of lymph nodes removed (mean 7.0 vs 7.8, p=0.52) and the proportion of positive nodes (mean 2.6% vs 5.8%, p=0.45) did not differ between the fibrin sealant and control side, respectively.
Postoperative course was documented for a median of 32 days (range 12-77). Of the overall 207 observations, 45.4% (94/207) consisted of actual fluid collection either by drain, puncture, or evacuation. Larger lymphoceles were detected in the groin with the fibrinogen patch with a median of 20 mL fluid (range 0-300) versus 5 mL (range 0-535) on the control side ( Table 2) . The correlation between the use of fibrin sealant patch and the amount of fluid collection over time was analyzed in a linear mixed-effects model. The patch showed a significantly negative effect on the fluid collection with an increasing amount over time (slope on original scale = 35.03, CI=12.51 to 57.55, p=0.002; Figure 1 ). In order to compare the amount of fluid between both groins, we also performed a nonparametric test on median values. The Wilcoxon signed rank test was not significant (p=0.086), but showed a trend pointing into the same direction as the parametric mixedeffects model, which compares mean values (p=0.002).
Postoperative complications did not differ significantly between the two groups. Ten of 11 patients (91%) required a single or serial evacuative punctures for symptomatic lymphoceles. In eight patients, a bilateral puncture was undertaken, whereas two patients had to be punctured only in the groin containing the fibrin sealant. After 14 days, 82% (n=9/11) of the groins containing the sealant still required a puncture, compared to 45% (n=5/11) of the control side (p=0.18). On the side of fibrin sealant, more punctures or evacuations (n=52) were required, and a cumulative volume of 5,445 mL of fluid was collected. In contrast, on the side without sealant, 30 punctures were needed and 3,152 mL drained in total. After 2 weeks, more punctures were still required on the fibrin sealant side, with a total of 26 punctures for the drainage of overall 3,100 mL compared to 18 punctures for 1,455 mL on the control side. An oral antibiotic course was administered to three patients (27.3%) suffering from wound infections or infected lymphoceles. The infection rate was similar for both sides (one wound infection was bilateral, one was on the side with the sealant patch and one was on the side without it). Other complications related to the use of a thrombin/fibrinogen patch such as thromboembolic events or allergic reactions were not recorded. The secondary endpoint results are shown in Table 2 .
Discussion
The use of a fibrin sealant patch in bilateral IFLD for vulvar cancer showed in our experience a significant increase of lymphocele volume over time after inguinal application. The purpose of this analysis was an institutional quality evaluation in order to include the fibrin sealant in the surgical standard. However, we stopped using the fibrin sealant as a routine procedure after only 11 patients because of clinical doubt as to its benefit. The statistical results confirmed the clinical impression; the use of the fibrinogen patch to reduce the groin lymphocele formation failed in our cohort. On the contrary, we observed a significantly larger fluid collection over time in the groin when the patch was applied (p=0.002) and more punctures or fluid evacuations on this side. Differences of the median volume between the sealant and the control side in a nonparametric test pointed into the same direction.
The central etiology of postoperative lymphoceles is thought to be due to oozing of injured small lymph and blood vessels as well as inflammatory exudation after tissue damage. 11 A prolonged hospital stay, wound breakdown, infection and delay of adjuvant therapy are the most frequent sequelae of lymphoceles after groin dissection and significantly impact the quality of life for these patients. 12 Identification of women at risk and the use of effective prevention methods are important to reduce the risk of lymphocele formation. Higher age, diabetes and "en bloc" surgery were risk factors for any short-term complication in a large retrospective study on 164 patients with IFLD for vulvar cancer, but no risk factor for the formation of lymphocele was identified in this trial. 4 Interestingly, in contrast to other studies, a higher number of resected lymph nodes were found to be protective for any long-term complications, whereas younger patients and patients with postoperative lymphocele showed an increased risk of developing longterm complications such as lymphedema and erysipelas.
The introduction of sentinel node biopsies in unifocal vulvar cancer with <4 cm size and nonsuspicious lymph nodes on clinical and radiological examination has clearly the biggest impact in risk reduction of postoperative lymphoceles to date. 13 Although the sentinel node biopsy has been accepted as a standard procedure, a critical appraisal has been newly addressed regarding its false-negative rate of 5-10%, resulting in a 1% risk of death for early-stage vulvar cancer patients. 14 Therefore, most patients with vulvar cancer will still undergo IFLD, which underlines the importance of finding modalities to decrease the complication rate. Similar to fibrin sealants, routine wound drainage to prevent lymphocele formation is an area of intense debate. Besides possible benefits such as reduced morbidity and earlier mobility, a drain can cause an increased fluid secretion through irritation of the wound or increase the risk of an infection, and it remains unclear how long the drain should stay in the groin. A prospective study on IFLD in vulvar cancer clearly showed that a volume-controlled drainage, where the drain is removed once the fluid production declined to <30 mL/24 hrs, resulted in significantly fewer lymphocele and secondary complications compared to a routine short-term drainage for 5 days. 15 In a retrospective analysis, a wound breakdown occurred significantly more often after a shortterm postsurgical drainage, and long-term usage was found to be associated with an increased risk of lymphedema. 16 The complication rate also seems to vary between different drain types. 17 A consensus on postsurgical drain management unfortunately has not been reached. The preservation of the superficial (camper) and deep (cribriform) fascia reduces the rate of lymphoceles, as well as 38% of the overall short-term and 14% of the long-term complications. 18 Sparing of the saphenous vein reduces postoperative wound complications but has no impact on lymphocele formation. Covering the femoral vessels either with cadaver or artificial dura mater or by transposition of the sartorius muscle does not show any protective effect in terms of lymph collection either. 5 The use of ultrasonic scalpels has also failed to reduce the drainage volume after IFLD. 19 Other potential preventive modalities for lymphocele include the (robotic) video endoscopic inguinal lymphadenectomy (R-)VEIL, 20 FloSeal® (a hemostatic matrix used in pelvic lymphadenectomy) and lymphatic microsurgical preventive healing approach LYMPHA. 21, 22 Initial studies on LYMPHA microsurgery, which involves anastomoses of lymphatic vessels, showed promising results for preventing lymphedema after both axillary and inguinofemoral lymphadenectomies. 
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Fibrin, once converted from fibrinogen by thrombin, is a polymerized plasmatic protein, which forms hemostatic clots on wounds. Commercial fibrin sealants, containing concentrated human fibrinogen and thrombin as key components, are available as solutions, sprays, fleeces, sponges or mesh. 24, 25 By imitating the final part of the coagulation cascade, they are designed to support hemostasis and tissue sealing during surgical procedures. Further potential benefits of their use in surgery result from a reduced blood loss, shorter operation time and a decreased risk for complications such as hematoma and seroma by sealing leaky vessels.
To date, few adverse outcomes of fibrin sealants have been reported and the majority of trials found no harm related to their use. 26 Intravascular application with subsequent thrombosis or gas embolism in the case of spray usage, allergic reactions, poor wound healing and infections account for possible and reported harms of sealants. In addition, the plasma-derived nature of the human and bovine components incorporates a potential risk for transmission of blood-borne diseases.
27
A meta-analysis of 32 randomized controlled trials (RCTs) investigated risks and benefits of fibrin sealants in different surgical disciplines. 26 This analysis showed a nonsignificant risk reduction for seroma formation with fibrin sealants over standard treatment (OR 0.84, 95% CI 0.68-1.04, p=0.13). A significantly decreased risk for hematoma with fibrin sealants was found only for hernia surgery. For breast (p=0.87), orthopedic (p=0.20) and upper GI tract surgery (p=0.88), a trend toward a reduced risk for hematoma was reported without reaching statistical significance. Over the last decade, there has been much debate over the prevention of seroma after axillary lymphadenectomy in breast cancer surgery by using fibrin glue. The benefits of sealants are controversial; several trials show no effect on axillary seroma, [28] [29] [30] whereas others reported a reduced drainage volume but without decreasing seroma formation or necessity for evacuation. 7, 31 Poor quality of trials was a concern of a 2013 Cochrane Intervention Review on fibrin glue in surgery for breast cancer. 32 Analysis of 18 RCTs including 1,252 patients revealed that the incidence of seroma following breast and axillary surgery was not reduced when fibrin glue was added under skin flaps (RR 1.02, 95% CI 0.90-1.16, p=0.73).
Few trials have investigated the use of fibrin glue in vulvar cancer surgery. An observational case-control study on 49 patients (24 IFLDs with application of a fibrinogen patch and 25 IFLDs without it) found that application of a fibrin sealant patch significantly reduced postoperative lymphorrhea and prevented lymphocyst formation (p=0.004). 33 A Jackson-Pratt closed suction drain was inserted and left in place until the daily drainage volume was ≤50 mL. In contrast, we did not use routine groin drainage as it has no influence on lymphocele and wound infection rate. 16 Another major difference is that we compared the fluid collection between both groins within the same patient, as the fibrin sealant was applied only on one side during a bilateral IFLD. In the only prospective randomized trial to date, the usage of VH fibrin sealant spray after IFLD in 150 patients with vulvar cancer had no impact on the incidence of lymphoceles, inguinal infection, wound breakdown or lymphedema. 17 However, significantly more patients with fibrin sealant developed a vulvar infection (33% vs 14%, p=0.0098). In our cohort, the rate of postoperative infection or wound breakdown did not differ between the two groups. Our findings are also consistent with a meta-analysis of six RCT investigating fibrin sealants in groin dissection for malignancies, where no reduction of morbidity was found after application of a sealant. 34, 35 In contrast, our data actually showed an increase of lymph collection in the groin where a fibrin patch was placed. The small number of patients included in our study is a limitation to our results; however, we stopped the use of the fibrin sealant patch with intent due to doubts about its clinical benefit. The statistical results confirmed this impression as a significantly higher lymph collection in the groin containing the patch was recorded (p=0.002). The comparison between the conventional treatment and fibrin sealant within the same patient reduced the interindividual bias dramatically and is clearly a strength of our study. Furthermore, the surgery was performed in a consistent manner and by the same gynecological oncologists. The mean number of lymph nodes removed (7-8 lymph nodes per side) is in line with recommendations. 36 There were slightly more pathological lymph nodes removed on the control side; however, this finding did not seem to influence the results toward more lymph production.
Conclusion
Besides the lack of risk reduction for lymphoceles, infections or the need for punctures, the costs of a fibrin patch and the potential harms are additional reasons for not recommending routine use of fibrin sealants for prevention of postoperative groin lymphocele in vulvar cancer. We would not necessarily recommend further trials analyzing the use of fibrin sealant for reduction of lymphocele after IFLD, as the benefit of the fibrin patch for this indication appears generally unconvincing in other diseases. Larger RCTs in vulvar cancer patients are needed in order to reduce the morbidity after groin dissection. This remains a challenge due to the rarity of the disease. The development of new preventive and therapeutic strategies -such as an alternative to groin dissection -would be a great step forward, assuming an equal oncologic safety is achievable.
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